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Abstract  
Telehealth is an emerging area of medical research. Its translation from conception, to 
research, and into practice requires tailored research and economic evaluation methods. 
Due to their nature telehealth interventions exhibit a number of extra-clinical benefits 
that are relevant when valuing their costs and outcomes. By incorporating methods to 
measure societal values such as patient preference and willingness-to-pay, a more 
holistic value can be placed on the extra-clinical outcomes associated with telehealth 
and evaluations can represent new interventions more effectively. Cost-benefit analysis 
is a method by which relevant costs and outcomes in telehealth can be succinctly valued 
and compared. When health economic methods are conducted using holistic approaches 
such as cost-benefit analysis they can facilitate the translation of telehealth research into 
policy and practice. 
 
Introduction  
Economic evaluations inform decisions regarding the models for health care provision, 
including the design and delivery of new services such as telehealth interventions. 
Tailoring analysis methods appropriately to the intervention and context being studied is 
vital in order to produce findings that have generalisability outside of the research 
environment 1. Economic analysis requires the assessment of costs and benefits 
associated with different services, enabling existing services to be compared with new 
interventions not just in terms of clinical efficacy (as in clinical research) but in terms of 
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costs and therefore value for money. Understanding and applying economic methods in 
health research is vital to promote the efficiency and sustainability of healthcare – one 
of the core goals that telehealth aims to achieve. 
 
The expected growth of telehealth solution adoption is higher than the observed growth.  
REF Consequently, the question of the efficiency of telehealth as a solution for the 
delivery of healthcare is contentious. The lack of a clear answer on the efficiency of 
telehealth services may be due to a number of factors, including a lack of economic 
evaluations undertaken for telehealth interventions, the quality of existing studies, and 
the difficulty in measuring and valuing meaningful outcomes from telehealth 
interventions.REF This latter issue can be addressed by careful consideration of the 
outcomes of importance and the design of the economic evaluation, as we will discuss 
shortly. 
 
When undertaking an economic analysis of a new telehealth intervention an 
understanding of the relevant service outcomes that might change as a consequence of 
the intervention and be meaningful from the perspective of the relevant payer and 
beneficiary is necessary to appropriately assess the value.  However, the many possible 
societal benefits of telehealth extend beyond the health benefits that are captured in 
conventional approaches to economic evaluation and which have generally been 
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measured and valued in healthcare studies to date. For example, improved equity of 
access for isolated populations, access to specialist opinion, and reduced travel 
requirements all feature as benefits in telehealth and may not be captured by 
conventional approaches 2. 
 
In this paper, we discuss the potential limitations of using conventional measures of 
health outcome in the economic evaluation of telehealth interventions. We highlight the 
potential for willingness to pay to overcome some of these limitations within a cost-
benefit evaluative framework, as well as some of the methods and challenges for 
achieving this. Finally, we outline some of the related key challenges still posed for the 
economic evaluation of telehealth. We aim to promote a debate amongst telehealth 
researchers and practitioners around the most appropriate and holistic frameworks for 
evaluating their services, in order to extend the body of evidence that exists to support 
decision-making in this area. 
 
The most common form of economic evaluation published in telehealth is cost-
minimisation analysis (CMA) 1, 2. CMA only compares costs; however, to perform a 
robust CMA it is expected that the outcomes of the two interventions have been proven 
equivalent (or at a minimum, non-inferior). If the economic analysis does not address 
the potential difference in outcomes between the comparators, then it is a simple cost-
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analysis (CA). Other analyses include cost-effectiveness analysis (CEA), cost-utility 
analysis (CUA), and cost-benefit analysis (CBA), all of which compare both the 
intervention’s health benefits (measured by units of clinical effectiveness, utility or 
monetary value) and costs with the health benefits and costs of a comparator. Another 
arguably underutilised method of analysis is a cost consequence analysis (CCA), which 
presents costs and outcome measures for interventions side by side in a disaggregated 
format. CCA is proposed to provide decision makers with all available information in a 
non-preferential format to enable them to form their own judgement regarding the 
relative importance of the costs and outcomes presented.  
 
Outcomes in telehealth 
The “gold standard” method in the economic evaluation of health care is generally 
considered to be CUA 3. CUA usually employs the quality-adjusted life year (QALY) as 
the utility outcome metric. This captures the value of gains in health-related quality of 
life. However, telehealth interventions frequently aim to provide greater efficiency, 
convenience and access for patients. It may often be unrealistic to anticipate a 
measurable improvement in health-related quality of life. It may however be reasonable 
to anticipate that the gains in convenience and access lead to gains in global quality of 
life and overall utility. From a welfarist point of view, the theoretical underpinnings of 
economics, these gains contribute to overall utility and should therefore be valued.  
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The non-health or process-related outcomes associated with telehealth would be more 
readily captured and valued within a cost-benefit evaluation framework, which places a 
monetary value on the outcomes of healthcare as well as on the costs.  However, cost-
benefit analysis (CBA) has been seldom applied in health more widely or in telehealth 
specifically, due to its increased complexity and requirement for extra data such as 
willingness-to-pay (WTP) values, which are not routinely collected in randomised 
controlled trials. In fact it has only been during the last decade that economic analysis 
has been routinely performed for telehealth interventions 4. Nevertheless, telehealth 
above many other health service foci would benefit from a more holistic cost-benefit 
evaluative approach, and this is becoming feasible with rapid methodological 
developments in the estimation of societal willingness to pay, which we discuss below. 
 
As well as CBA, cost-consequence analysis (CCA) also provides a framework by which 
holistic results on costs and benefits can be presented in a cumulative format for 
decision-makers to consider. Whilst CCA may be comparatively easy for decision-
makers to  understand, the main disadvantage of CCA is that the disaggregated format 
of the costs and outcomes rely entirely on decision-maker judgement as to what 
constitutes value for money in each situation.REF This compares to the  more 
aggregated format of CBA where a systematic decision criterion of acceptable cost-
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effectiveness if the net monetary benefit (that is incremental benefits of an intervention, 
less its incremental costs, expressed as a dollar value) exceeds zero  can be adopted. 
 
In telehealth research, just as in any other area of health, it is important that the most 
appropriate outcome is selected to best represent the health benefits associated with the 
intervention being tested. In general outcome measures are selected due to a 
combination of their ability to represent health benefits, ease of measurement and 
convenience. Telehealth economic analysis should incorporate best practice guidelines, 
comparative gold-standard therapy and validated frameworks where possible. CBA 
provides a framework for this 2, 5. It combines the relevant clinical outcomes and 
telehealth specific outcomes (such as patient or practitioner travel or satisfaction, cost 
changes for all stakeholders, and willingness-to-pay) into one succinct economic 
analysis 2, 5, 6.  This approach values not only the health outcomes (as in CEA or CUA 
when using  QALYs), but also the preferences of the patient to use the intervention 
being proposed 1, 7. It also provides a framework by which holistic results can be 
presented in a cumulative format compared to the disaggregated format of CCA that 
relies more strongly on judgement. CBA is a method for streamlining health outcome, 
cost information, and societal values in order to increase the ease with which 
interventions can be compared.  
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In considering outcomes, careful selection of the economic analysis perspective impacts 
the outcomes that are relevant, especially in telehealth. If an economic analysis is 
conducted from the perspective of the government then extra-clinical costs such as 
patient-funded travel or loss of productivity are not taken into consideration, while 
reimbursed time for a consultant or technology resources may be 2. A broader societal 
perspective would allow these wider costs to be included in the evaluation. This is 
particularly pertinent in the case of telehealth. 
 
Methods must be carefully selected and economic analysis well designed with outcomes 
considered to ensure that all of the relevant factors are captured by the analysis where 
possible. For example, Bini and Manahajan used multiple evidence-based tools in their 
method they minimised bias, increased the transparency of their study and increased the 
comparability of their outcomes 8. Their study compared two physical rehabilitation 
interventions using reporting guidelines (SQUIRE), validated questionnaire tools (VAS 
and KOOS), and standard institution care procedures 8-12. However, applying standard 
validated clinical questionnaire tools may not capture all relevant information. It is 
therefore appropriate to use informal methods such as free-form questions to capture 
specific additional data relevant to a more holistic evaluation in telehealth. Bini and 
Manahajan asked their participants further questions in free-form style, and collected 
information about time and travel investments 8. In doing this they provided a well-
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designed example for future telehealth research. 
 
Societal values: Willingness-to-pay 
Inadequacy arising from including only conventional effectiveness outcomes in 
telehealth evaluation raises questions about how to value interventions using a more 
holistic set of outcomes.  One way of doing this is by incorporating Willingness to pay 
(WTP) into evaluations. WTP estimates the contingent value of a service by eliciting 
population preferences regarding a service, and placing a monetary value on the benefit 
associated with a service, from a societal perspective. WTP can place a value on both 
the non-health as well as the health-related outcomes from a service. Thus, WTP 
information is integral to estimating changes in societal welfare using CBA, and it is 
used to advise policy makers about a population’s preference to pay from personal 
funds in order to receive a specific service. The outcomes not only provide relevant 
monetary estimates but can also be used as an indication of the intensity of the sample 
population’s interest in receiving the service, and likely service demand. Using 
appropriate methods to collect and apply WTP within telehealth research moves one 
step closer to holistic outcome measurement alongside the systematic and reproducible 
application of decision criteria.  
 
There are several approaches to measuring WTP in healthcare, the most relevant for 
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telehealth research are direct contingent valuation and discrete choice experiment 
(DCE) surveys 13. Several studies have demonstrated that the elicitation method used for 
WTP may affect the responses and therefore the values assigned 14-16. With this in mind, 
it is important that telehealth researchers use appropriate methods to accurately measure 
WTP and apply the results. This is especially important given the innovative and 
dynamic nature of telehealth interventions, because respondents may find WTP 
enquiries in telehealth more challenging to respond to than in alternate medical research 
with more familiar concepts. 
 
Patient contingent valuation surveys can be used to measure WTP. Contingent valuation 
methods can use multi-choice or open-ended questions, or alternative “ping-pong” or 
referendum formats 16, 17. However, their structure needs to be specific in order to elicit 
a consumer response that reflects the intervention being costed. WTP can be ascertained 
by asking the participant to select a range from pre-stated options, or by providing a 
free-form question enabling them to provide an unguided answer 18. When using this 
approach to identify WTP it is important to provide participants with specific 
information about what the service (and associated benefit) is that they are valuing, and 
to provide information about the aspects that are not included in the service. Participants 
must be well informed about the potential changes in not only present healthcare costs 
(the intervention), but future health care costs and potential impact on future gains and 
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productivity. For telehealth interventions immediate productivity gains are often a factor 
due to reduced requirements for travel and extended interruption to work. 17 Stahl et al. 
conducted a randomised-cross design trial and asked participants to respond to a 
contingent valuation survey that used a 5-point Likert scale to express satisfaction, 
perception of quality, and WTP 18. As with the DCE, it is important when ascertaining 
WTP via contingent valuation that participants understand the full impact of the 
telehealth intervention; both clinical and non-clinical outcomes 7, 18. This is important 
because the value of telehealth is often in its societal gain for participants in terms of 
time, access and clinical non-inferiority.  
 
Alternatively, the Discrete Choice Experiment (DCE) approach can be used to 
determine WTP. Grounded in random utility theory, DCEs involve asking participants a 
series of trade-off questions that require them to make discrete choices 17, 19, 20. The 
trade-off design of this method allows for variation between the options to be captured 
and described concisely to the respondent 10, 21. This method allows researchers to 
determine the relative importance that respondents place on specific aspects of the 
treatment or service, as well as their overall WTP for the service 19, 20. This makes DCE 
a very attractive method within telehealth research. It enables researchers to elicit 
consumer preference around potential variations that could be made to the intervention 
itself, the delivery method, the proposed costing structure, or other relevant factors.  
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A well-designed DCE uses best practice guidelines, clear objectives and comparators, 
and knowledge of current literature. Although the DCE method is becoming popular in 
health care, few examples of the DCE method being applied in telehealth have been 
published. One relevant, though small study, Spinks et al. (2015) used a DCE to 
determine consumer WTP for teledermoscopy screening in an Australian population 22. 
The authors followed the International Society for Pharmacoeconomics and Outcomes 
Research (ISPOR) guidelines and developed a rigorous design 17, 22. The comparators 
and their varied characteristics were devised in part from previously published surveys 
in the target population 22. In order to use the DCE to accurately estimate WTP and 
uptake for telehealth initiatives, the trade-off attributes must include all of the relevant 
characteristics for telehealth (such as patient time, technology options, wait time for 
results, clinical reviewer). Spinks et al., incorporated these aspects into their DCE while 
the DCE section of the survey remained concise (twelve trade-offs) 22. Another recently 
example of DCE being applied in telehealth is the work by Kaambwa et al. (2016) 
which surveyed a larger population (n=330) to determine consumer preference for 
specific telehealth characteristics and WTP for an Australian population of consumers 
over 65 years of age 23. The resultant WTP values provided an estimate for proposed 
policy changes and also indicated the consumers weighted preferences towards some of 
the variable aspects of the proposed telehealth interventions 22, 23. Both Spinks et al. and 
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Kaambwa et al. found that given the choice many people would prefer to undertake a 
conventional face-to-face consultation, however telehealth becomes more appealing 
when the face-to-face consultation requires hours of travel away from home, time off 
work, and an increased wait for an appointment 2, 22, 23. 
 
Unintended consequences and budget impact 
Just like the possible societal benefits of telehealth that cannot always be captured by 
standard economic analysis methods, new interventions may potentially have 
unintentional consequences, which also need to be considered. These consequences can 
arise from unexpected uptake, which substantially increases costs (either greater or 
lower uptake than predicted), unexpected workload changes, or other unforeseen 
factors. Unintended consequences are described as such because they are generally only 
discovered once an intervention is offered widely and they substantially change the 
predicted costs and impact on the intervention budget. 
 
Using CBA or budget impact analysis (BIA) in telehealth research along with 
appropriately selected sensitivity analyses can assist in identifying unintended outcomes 
that would not routinely appear in analyses taking a narrower perspective.  As an 
example, Fortney et al. conducted a budget impact analysis and found that the cost-
effectiveness of a telepsychiatry intervention was dependent on the severity of the 
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symptoms, but concluded that the intervention did not increase the work load for health 
professionals making it a viable service provision option 21. This paper captured the 
impact of societal factors that may not have been captured using a conventional 
CEA/CUA method such as health professional time 21.   
 
Sensitivity analysis within telehealth economic evaluation 
Economic analysis in telehealth is generally proposed to inform funding models, 
resource allocation decisions and policy initiatives. Sensitivity analysis is an essential 
part of the evaluation. Sensitivity analysis can be used to test potential uncertainties in 
parameters and assumptions made within the analysis. Therefore, sensitivity analysis 
can assist the translation of evidence-based medicine into practice by providing 
appropriate evidence around the uncertainty in findings - an aspect that is important for 
decisions. Sensitivity analysis method selection is an important concept for rigorous 
telehealth research 24, 25. Guidelines for sensitivity analysis methods are available and 
should be selected based on the form of economic analysis being undertaken 24, 26.  
 
When applied to economic modelling for telehealth, sensitivity analysis can be used to 
vary the probabilities used to inform the model, enabling the probabilities that exerted 
the largest effect on the cost-effectiveness outcome to be identified. For example, 
Jackson et al. used this method to examine the outcomes of their economic model, a 
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CUA of a telehealth initiative aimed at managing retinopathy of prematurity 5. Although 
sensitivity analysis needs to be appropriately applied and interpreted it does not need to 
be complex.  Smith et al. used sensitivity analysis to determine the threshold based on 
workload (number of consultations) where the costs of telehealth were the same, less or 
greater than alternative methods of service delivery 27. Using this method allowed the 
authors to show which variables the financial viability of their service was most 
sensitive to 27.  This form of sensitivity analysis is simple to understand and apply and 
can reveal information about the economic analysis and the intervention being 
investigated, along with the robustness of any decision based on the findings.  
 
Conclusion 
Performing appropriate economic analysis on telehealth is imperative to enable the 
translation of any proposed intervention into practice 28. Given the innovative nature of 
telehealth interventions and the dynamic nature of technology conducting an economic 
analysis in this area should involve the incorporation of societal values and the 
preferences of users, something that is possible with CBA. In order to undertake CBA 
researchers must include rigorous methods for eliciting WTP (such as DCE), and ensure 
that all relevant clinical and extra-clinical outcomes affecting costs or patient 
preferences are measured and valued. In assessing the effects of telehealth, CBA could 
be the most appropriate and challenging approach. However, future research should 
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seek to demonstrate that the current studies that adopt the CBA approach are more 
appropriate in showing the value of telehealth, with respect to alternative approaches 
like CEA or CUA. This could be achieved for example through a literature review of 
existing economic studies and/or through repeating different study designs on the same 
evaluation problem. Appropriately applied economic analysis and improved 
understanding of the economics of telehealth can positively influence policy decisions, 
potential investment, practice changes and uptake in the health sector. 
 
 
 
 
Acknowledgements  
This work was supported by the Centre of Research Excellence in Telehealth funded by 
the National Health and Medical Research Council (NHMRC; grant ID: APP1061183). 
The authors would like to thank two anonymous reviewers whose constructive feedback 
helped shape this paper. 
 
References 
1. Bergmo T. Using QALYs in telehealth evaluations: a systematic review of 
methodology and transparency. BMC Health Services Research. 2014; 14: 332. 
POSTPRINT Snoswell et al., 2016 
 
18 
2. Snoswell C, Finnane A, Janda M, Soyer HP and Whitty JA. Cost-effectiveness 
of Store-and-Forward Teledermatology: A Systematic Review. JAMA dermatology. 
2016. 
3. Scuffham PA, Whitty JA, Mitchell A and Viney R. The use of QALY weights 
for QALY calculations. Pharmacoeconomics. 2008; 26: 297-310. 
4. Grigsby J, Kaehny MM, Sandberg EJ, Schlenker RE and Shaughnessy PW. 
Effects and effectiveness of telemedicine. Health Care Financing Review. 1994; 17: 
115-31. 
5. Jackson KM, Scott KE, Zivin JG, et al. Cost-utility analysis of telemedicine and 
ophthalmoscopy for retinopathy of prematurity management. Archives of 
Ophthalmology. 2008; 126: 493-9. 
6. Wootton R, Bahaadinbeigy K and Hailey D. Estimating travel reduction 
associated with the use of telemedicine by patients and healthcare professionals: 
proposal for quantitative synthesis in a systematic review. BMC Health Serv Res. 2011; 
11: 185. 
7. Donaldson C. Eliciting patients’ values by use of ‘willingness to pay’: letting the 
theory drive the method. Health Expectations. 2001; 4: 180-8. 
8. Bini S and Mahajan J. Clinical outcomes of remote asynchronous 
telerehabilitation are equivalent to traditional therapy following total knee arthroplasty: 
A randomized control study. Journal of telemedicine and telecare. 2016: 
POSTPRINT Snoswell et al., 2016 
 
19 
1357633X16634518. 
9. Mason DJ. Standards for Quality Improvement Reporting Excellence. AJN The 
American Journal of Nursing. 2008; 108: 80-1. 
10. Bodian CA, Freedman G, Hossain S, Eisenkraft JB and Beilin Y. The visual 
analog scale for pain: Clinical significance in postoperative patients. The Journal of the 
American Society of Anesthesiologists. 2001; 95: 1356-61. 
11. Kazis LE, Miller DR, Skinner KM, et al. Applications of methodologies of the 
Veterans Health Study in the VA healthcare system: conclusions and summary. The 
Journal of ambulatory care management. 2006; 29: 182-8. 
12. Roos EM, Roos HP, Lohmander LS, Ekdahl C and Beynnon BD. Knee Injury 
and Osteoarthritis Outcome Score (KOOS)—development of a self-administered 
outcome measure. Journal of Orthopaedic & Sports Physical Therapy. 1998; 28: 88-96. 
13. Breidert C, Hahsler M and Reutterer T. A review of methods for measuring 
willingness-to-pay. Innovative Marketing. 2006; 2: 8-32. 
14. Olsen JA, Kidholm K, Donaldson C and Shackley P. Willingness to pay for 
public health care: a comparison of two approaches. Health Policy. 2004; 70: 217-28. 
15. Stewart JM, O’Shea E, Donaldson C and Shackley P. Do ordering effects matter 
in willingness-to-pay studies of health care? Journal of health economics. 2002; 21: 
585-99. 
16. Shackley P and Donaldson C. Should we use willingness to pay to elicit 
POSTPRINT Snoswell et al., 2016 
 
20 
community preferences for health care?: New evidence from using a 
‘marginal’approach. Journal of Health Economics. 2002; 21: 971-91. 
17. Bridges JF, Hauber AB, Marshall D, et al. Conjoint analysis applications in 
health—a checklist: a report of the ISPOR Good Research Practices for Conjoint 
Analysis Task Force. Value in Health. 2011; 14: 403-13. 
18. Stahl JE and Dixon RF. Acceptability and willingness to pay for primary care 
videoconferencing: a randomized controlled trial. Journal of telemedicine and telecare. 
2010; 16: 147-51. 
19. de Bekker‐Grob EW, Ryan M and Gerard K. Discrete choice experiments in 
health economics: a review of the literature. Health economics. 2012; 21: 145-72. 
20. Veldwijk J, Lambooij MS, de Bekker-Grob EW, Smit HA and de Wit GA. The 
effect of including an opt-out option in discrete choice experiments. PloS one. 2014; 9: 
e111805. 
21. Fortney JC, Maciejewski ML, Tripathi SP, Deen TL and Pyne JM. A Budget 
Impact Analysis of Telemedicine-based Collaborative Care for Depression. Medical 
Care. 2011; 49: 872-80. 
22. Spinks J, Janda M, Soyer HP and Whitty JA. Consumer preferences for 
teledermoscopy screening to detect melanoma early. Journal of Telemedicine and 
Telecare. 2015: 1357633X15586701. 
23. Kaambwa B, Ratcliffe J, Shulver W, et al. Investigating the preferences of older 
POSTPRINT Snoswell et al., 2016 
 
21 
people for telehealth as a new model of health care service delivery: A discrete choice 
experiment. Journal of telemedicine and telecare. 2016: 1357633X16637725. 
24. Caro JJ, Briggs AH, Siebert U and Kuntz KM. Modeling good research 
practices—overview a report of the ISPOR-SMDM modeling good research practices 
task force–1. Medical Decision Making. 2012; 32: 667-77. 
25. Rudmik L and Drummond M. Health economic evaluation: important principles 
and methodology. The Laryngoscope. 2013; 123: 1341-7. 
26. Briggs AH, Weinstein MC, Fenwick EA, et al. Model parameter estimation and 
uncertainty: a report of the ISPOR-SMDM Modeling Good Research Practices Task 
Force-6. Value in Health. 2012; 15: 835-42. 
27. Smith AC, Scuffham P and Wootton R. The costs and potential savings of a 
novel telepaediatric service in Queensland. BMC Health Services Research. 2007; 7: 1-
7. 
28. Seidler AM, Kini SP, DeLong LK, Veledar E and Chen SC. Preference-based 
measures in dermatology: an overview of utilities and willingness to pay. Dermatologic 
clinics. 2012; 30: 223-9. 
 
